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(54) Semiconductor device and method of manufacturing the same 



(57) A semiconductor device manufacturing method 
comprises the steps of forming sequentially a first con- 
ductive film (1 5), a dielectric film (1 6),.and a second con- 
ductive film (17) on an insulating film (8), forming a first 
film (18a) on the second conductive film (17), forming a 
second film (1 8c) made of insulating material on the first 
film (18a), forming hard masks (18) by patterning the 
second film (1 8c)and the first film (1 8a) into a capacitor 
planar shape, etching the second conductive film (17) 



and the dielectric film (16) in a region not covered with 
the hard masks (18), etching the first conductive film 
(15) in the region not covered with the hard masks (18) 
up to a depth that does not expose the insulating film 
(8), removing the second film (1 8c) constituting the hard 
masks (18) by etching, etching a remaining portion of 
the first conductive film (15) in the region not covered 
with the hard masks (18) to the end, and removing the 
first film (18a). 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor device and a method of manufacturing the same and, 
more particularly, a semiconductor device having ca- 
pacitors over a semiconductor substrate and a method 
of manufacturing the same. 

[0002] In recent years, a semiconductor memory us- 
ing the ferroelectric capacitor and the high-dielectric ca- 
pacitor is regarded as a promising one. For example, 
the ferroelectric capacitor is formed by the steps de- 
scribed in the following. 

[0003J First, as shown in FIG.1 A of the accompanying 
drawings, the first metal layer 106, the PZT layer 107, 
and the second metal layer 1 08 are formed sequentially 
on the interlayer insulating film 104 for covering the sem- 
iconductor substrate 101 . In this case, the impurity dif- 
fusion region 103 surrounded by the element isolation 
insulating film 102 is formed on the semiconductor sub- 
strate 1 01 , and the conductive plug 1 05 is formed in the 
interlayer insulating film 1 04 on the impurity diffusion re- 
gion 103. 

[0004] Then, the titanium nitride layer 110 and the sil- 
icon oxide layer 1 1 1 are formed sequentially on the sec- 
ond metal layer 108. Then, the silicon oxide layer 111 
and the titanium nitride layer 110 are patterned by the 
photolithography method to be left over the conductive 
plug 1 05 as the hard mask 1 1 2 having the capacitor pla- 
nar shape. 

[0005] Then, as shown in FIG.1 B of the accompany- 
ing drawings, the second metal layer 1 08, the PZT layer 
1 07, and the first metal layer 1 06 in the region, which is 
not covered with the hard mask 1 1 2, are etched sequen- 
tially. Thus, the stacked ferroelectric capacitor 113 is 
formed on the interlayer insulating film 104. 
[0006] Then, as shown in FIG. 1 C of the accompany- 
ing drawings, the silicon oxide layer 111 constituting the 
hard mask 1 1 2 is removed, and then the titanium nitride 
layer 110 is removed by changing the etchant. 
[0007] As described above, the reason why not a re- 
sist mask but the hard mask 112 is employed to pattern 
the first metal layer 1 06, the PZT layer 1 07, and the sec- 
ond metal layer 1 08 is given as follows. 
[0008] That is, in order to form the stacked ferroelec- 
tric capacitor 113, if the first metal layer 106, the PZT 
layer 1 07, and the second metal layer 1 08 are etched 
successively by using a resist mask, such a resist mask 
disappears during the etching since the resist mask has 
a poor etching selectivity against these layers 1 06, 1 07, 
108. 

[0009] Meanwhile, It is set forth in US61 69009 (Patent 
Application Publication (KOKAl) Hei 11-354510) that a 
hard mask having the above double-layered structure is 
used to pattern the metal film and a mixed gas consisting 
of chlorine, oxygen, and argon is used as the etching 
gas. Also, it is set forth in Patent Application Publication 
(KOKAl) Hei 11-354510 that the Si0 2 film in the hard 
mask disappears in the middle of the etching of the met- 



al film, 

[0010] it is preferable that the silicon oxide layer 
should be employed as the hard mask in patterning the 
PZT layer that is put between the first and second metal 

5 layers. Thus, the disappearance of the silicon oxide lay- 
er serving as the hard mask during the etching of the 
PZT layer causes a remarkable reduction in the etching 
rate of the PZT layer. Therefore, it is important to leave 
the silicon oxide layer 111 as the hard mask until the 

10 etching of the PZT layer is ended. 

[0011] Accordingly, as shown in FIG. 1B, not only the 
titanium nitride layer 1 1 0 constituting the hard mask 112 
but also the silicon oxide layer 111 is left on the second 
metal layer 1 08 in the state after the etching of the sec- 

15 ond metal layer 108, the PZT layer 107, and the first 
metal layer 106 has ended. 

[0012] The silicon oxide layer 111 and the titanium ni- 
tride layer 1 10 are removed by etching after the forma- 
tion of the capacitor 113 is completed. 

20 [001 3] However, when the Si0 2 layer 1 1 1 constituting 
the hard mask 112 is removed, the interlayer Insulating 
film 1 04 formed of the silicon oxide is also etched around 
the capacitor 113. Thus, the level difference between 
the capacitor 113 and the periphery area is increased. 

25 (f such a level difference is increased, such a disadvan- 
tage is caused that the filling property of the second- 
layer interlayer insulating film between plural capacitors 
113 becomes worse. 

[0014] Accordingly, it is desirable to provide a seml- 

30 conductor device capable of making difficult the gener- 
ation of reduction in thickness of an underlying insulat- 
ing film when a hard mask used to form a capacitor is 
removed, and a method of manufacturing the same. 
[0015] According to an embodiment of one aspect of 

35 the present invention, there is provided a semiconductor 
device comprising an insulating film formed over a sem- 
iconductor substrate; capacitor lower electrodes formed 
on the insulating film and having discontinuous steps on 
side surfaces; capacitor dielectric films formed on the 

40 capacitor lower electrodes and having side surfaces that 
continue to upper side surfaces of the capacitor lower 
electrodes; and capacitor upper electrodes formed on 
the capacitor dielectric films and having side surfaces 
that continue to the side surfaces of the capacitor die- 

« lectric films. 

[001 6] According to an embodiment of another aspect 
of the present invention, there is provided a semicon- 
ductor device manufacturing method which comprises 
the steps of forming an insulating film over a semicon- 

so ductor substrate; forming sequentially a first conductive 
film, a dielectric film, and a second conductive film on 
the insulating film; forming a first film made of metal or 
metal compound on the second conductive film; forming 
a second film made of tnsulatin g material on the first film; 

55 forming hard masks by patterning the second film and 
the first film into a capacitor planar shape; forming ca- 
pacitor upper electrodes by etching the second conduc- 
tive film in a region that is not covered with the hard 
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masks; forming capacitor dielectric films by etching the 
dielectric film jn the region that is not covered with the 
hard masks; etching the first conductive film in the re- 
gion that is not covered with the hard masks up to a 
' depth that does not expose the insulating film; removing 5 
the second film constituting the hard masks by etching; 
forming capacitor lower electrodes by etching a remain- 
ing portion of the first conductive film in the region, that 
is not covered with the hard masks, to the end; and re- 
moving the first film constituting the hard masks by the io 
etching. * 

[0017] According to an embodiment of yet another as- 
pect of the present invention, there is provided a semi- 
conductor device manufacturing method which com- 
prises the steps of forming an insulating film over a sem- '5 
iconductor substrate; forming sequentially a first con- 
ductive film, a dielectric film, and a second conductive 
film on the insulating film; forming a first film made of 
metal or metal compound on the second conductive film; 
forming a second film made of a silicon nitride film , which 20 
is different material from the insulating film, on the first 
film; forming hard masks by patterning the second film 
and the first film into a capacitor planar shape; forming 
capacitor upper electrodes by etching the second con- 
ductive film in a region that is not covered with the hard 25 
masks; forming capacitor dielectric films by etching the 
dielectric film in the region that is not covered with the 
hard masks; forming capacitor lower electrodes by etch- 
ing the first conductive film in the region that is not cov- 
ered with the hard masks; removing the second film con- 30 
stituting the hard masks by etching using an etching gas 
containing fluorine and nitrogen; and removing the first 
film constituting the hard masks by the etching. 
[0018] According to an embodiment of the present in- 
vention, an insulating material is employed as the up- 35 
permost layer of the hard mask that is used to pattern 
the first conductive film, the dielectric film, and the sec- 
ond conductive film formed on the insulating film. Then, 
removal of the uppermost layer is executed by interrupt- 
ing the etching of the first conductive film, and then the 40 
etching of the first conductive film is started once again. 
[0019] Therefore, in case the uppermost insulating 
layer constituting the hard mask is removed by the etch- 
ing, the underlying insulating film is never exposed. 
Thus, the etching of the underlying insulating film of the 45 
capacitor can be suppressed. 
[0020] Also, the deposition products that adhere onto 
the side walls of the hard mask by the etching of the 
dielectric film can be removed by the etching of the first 
conductive film applied before the uppermost layer of so 
the hard mask is removed. Thus, removal of the upper- 
most layer of the hard mask can be facilitated. 
[0021] In this case, according to two-step etching of 
the first conductive film, stepped portions are generated 
on side surfaces of the capacitor lower electrodes that 55 
are formed by patterning the first conductive film. 
[0022] Also, according to an embodiment of the 
. present invention, the uppermost layer of the hard mask 



is formed of silicon nitride, and then the capacitor is 
formed by etching the first conductive film, the dielectric 
film, and the second conductive film continuously while 
using this hard mask. 

[0023] Therefore, the uppermost insulating layer con- 
stituting the hard mask can be easily etched selectively 
to the insulating film after the capacitor is formed. Thus, 
the etching of the underlying insulating film of the ca- 
pacitor can be suppressed. 

[0024] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

FIGS. 1A to 1C (as described above) are sectional 
views showing steps of manufacturing a previously- 
proposed semiconductor device; 
FIGS.2A to 2M are sectional views showing steps 
of forming a semiconductor device according to a 
first embodiment of the present invention; 
FIGS. 3A to 3N are sectional views showing steps 
of forming a semiconductor device according to a 
second embodiment of the present invention; 
FIG. 4 is a graph showing a relationship between an 
etching gas mixture ratio and an etching rate at the 
time of etching executed to remove a P-SIN hard 
mask employed in the semiconductor device man- 
ufacturing method according to the second embod- 
iment of the present invention; 
FIG. 5 is a graph showing a relationship between a 
wafer stage temperature and the etching rate at the 
time of etching executed to remove the P-SIN hard 
mask employed in the semiconductor device man- 
ufacturing method according to the second embod- 
iment of the present invention; 
FIG. 6 is a graph showing a difference of capacitor 
values before and after the hard mask is re- 
moved, in the semiconductor device manufacturing 
steps according to the second embodiment of the 
present invention; 

FIG .7 is a sectional view showing another example 
of the semiconductor device manufacturing steps 
according to the second embodiment of the present 
invention; and 

FIG.8A is a perspective view showing a capacitor 
formed by using the hard mask shown in FIG. 7, and 
F1G.8B is a sectional view showing the capacitor 
formed by using the hard mask shown in FIG. 7. 

[0025] Embodiments of the present invention will be 
explained with reference to the drawings hereinafter. 

(First Embodiment) 

[0026] FIGS. 2A to 2M are sectional views showing 
steps of manufacturing a semiconductor device accord- 
ing to a first embodiment of the present invention. 
[0027] First, steps required until a sectional structure 
shown in FIG.2A is formed will be explained hereunder. 
[0028] As shown in FIG. 2 A, an element isolation re- 
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cess is formed around a transistor forming region of an 
n-type or p-type silicon (semiconductor) substrate 1 by 
the photolithography method. Then, an element isola- 
tion insulating film 2 is formed by burying silicon oxide 
(Si0 2 ) into the element isolation recess. The element 
isolation insulating film 2 having such a structure is 
called STI (Shallow Trench Isolation). In this case, an 
insulating film formed by the LOCOS (Local Oxidation 
of Silicon) method may be employed as the element iso- 
lation insulating film. 

[0029] Then, a p-well 1 a is formed by introducing a p- 
type impurity into the transistor forming region of the sil- 
icon substrate 1 . Then, a silicon oxide film as a gate in- 
sulating film 3 is formed by oxidizing thermally a surface 
of the transistor forming region of the silicon substrate 1 . 
[0030] Then, an amorphous silicon film or a polysili- 
con film and a tungsten silicide film are formed sequen- 
tially on an overall upper surface of the silicon substrate 
1 . Then, gate electrodes 4a, 4b are formed by patterning 
the silicon film and the tungsten silicide film by virtue of 
the photolithography method. 
[0031] In this case, two gate electrodes 4a, 4b are 
formed in parallel on one p-well 1a. These gate elec- 
trodes 4a, 4b constitute a part of the word line. 
[0032] Then, first to third n-type impurity diffusion re- 
gions 5a to 5c serving as the source/drain are formed 
by ion-implanting an n-type impurity into the p-well 1a 
on both sides of the gate electrodes 4a, 4b. 
[0033] Then, an insulating film, e.g., a silicon oxide 
(Si0 2 ) film, is formed on an overall surface of the silicon 
substrate 1 by the CVD method. Then, insulating side- 
wall spacers 6 are left on both side portions of the gate 
electrodes 4a, 4b by etching back the insulating film. 
[0034] Then, the n-type impurity is ion-implanted into 
the first to third n-type impurity diffusion regions 5a to 
5c once again by using the gate electrodes 4a, 4b and 
the sidewall spacers 6 as a mask. Thus, the first to third 
n-type impurity diffusion regions 5a to 5c are formed into 
the LDD structure. 

[0035] I n this case, the first and second n-type Impu- 
rity diffusion regions 5a, 5b positioned on both end sides 
of one p-well 1a are connected electrically to the lower 
electrodes of the capacitors, and the third n-type impu- 
rity diffusion region 5c positioned between two gate 
electrodes 4a, 4b is connected electrically to the bit line. 
[0036] According to the above steps, two MOS tran- 
sistors T., , T 2 having the gate electrodes 4a, 4b and the 
n-type impurity diffusion regions 5ato 5c having the LDD 
structure are formed in the p-well 1 a. 
[0037] Then, a silicon oxide nitride (SiON) film of 
about 200 nm thickness is formed as a cover insulating 
film 7, which covers the MOS transistors T 1( T 2 , on an 
overall surface of the silicon substrate 1 by the plasma 
CVD method. Then, a silicon oxide (Si0 2 ) film of about 
1 .0 jim is formed as a first interlayer insulating film 8 on 
the cover insulating film 7 by the plasma CVD method 
using the TEOS gas. 

[0038] Then, as the densifying process of the first in- 



terlayer insulating film 8, the first interlayer insulating 
film 8 is annealed in a normal-pressure nitrogen atmos- 
phere at a temperature of 700°C for 30 minutes, for ex- 
ample. Then, an upper surface of the first interlayer in- 

5 sulating film 8 is planarized by the CMP (Chemical Me- 
chanical Polishing) method. 
[0039] Then, as shown in FIG.2B, first and second 
contact holes 8a, 8b that have a depth to reach the first 
and second n-type impurity diffusion regions 5a, 5b, re- 

w spectively, are formed by patterning the first interlayer 
insulating film 8 and the cover insulating film 7 by virtue 
of the photolithography method. 
[0040] Then, a titanium (Ti) film of about 30 nm thick- 
ness and a titanium nitride (TIN) film of about 50 nm 

15 thickness are formed sequentially as a glue film on an 
upper surface of the first interlayer insulating film 8 and 
inner surfaces of the first and second contact holes 8a, 
8b by the sputter method. Then, a tungsten (W) film is 
grown on the TiN film by the CVD method using WF 6 to 

20 bury completely insides of the first and second contact 
holes 8a, 8b. 

[0041] Then, as shown in FIG.2C, the W film, the TIN 
film, and the Ti film are polished by the CMP method to 
remove them from the upper surface of the first interiay- 

25 er insulating film 8. The W film, the TiN film, and the Ti 
film being left in the first and second contact holes 8a, 
8b are used as first and second conductive plugs 9a, 9b. 
[0042] Next, steps required until a structure shown in 
FIG.2D is formed will be explained hereunder. 

30 [0043] First, an iridium (Ir) film 15x of about 200 nm 
thickness, an iridium oxide (lrO x ) film 15y of about 50 
nm thickness, and a platinum (Pt) film 1 5z of about 1 00 
nm thickness, for example, are formed sequentially as 
a first conductive film 15 on the first and second con- 

35 ductive plugs 9a, 9b and the first interlayer insulating 
film 8 by the sputter. The first conductive film 1 5 may be 
formed of a conductive film containing other platinum- 
group metal or platinum-group metal oxide. 
[0044] In this case, the first interlayer insulating film 8 

40 is annealed to prevent the film peeling-off, for example, 
before or after the first conductive film 1 5 is formed. As 
the annealing method, RTA (Rapid Thermal Annealing) 
executed in an argon atmosphere at 600 to 750°C, is 
employed. 

45 [0045] Then, a PZT film of about 100 nm thickness, 
for example, is formed as a ferroelectric film 16 on the 
first conductive film 15 by the sputter method. As the 
method of forming the ferroelectric film 16, in addition to 
this, there are the MOD (Metal Organic Deposition) 

so method, the MOCVD (Metal Organic CVD) method, the 
sol-gel method, etc. Also, as the material of the ferroe- 
lectric film 16, in addition to PZT, other PZT material 
such as PLCSZT, PLZT, etc., the Bl layered-structure 
compound material such as SrBi 2 Ta20 g , SrBi 2 (Ta, 

55 Nb) 2 0 9 , etc., other metal oxide ferroelectric substance, 
etc. may be employed. 

[0046] Then, the ferroelectric film 1 6 is crystallized by 
executing annealing in an oxygen atmosphere. As the 
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annealing, a two-step RTA process having the first step 
in which the annealing is executed in a mixed-gas at- 
mosphere consisting of argon and oxygen at a substrate 
temperature of 600°C for 90 seconds,, and the second 
step in which the annealing is executed in an oxygen 
atmosphere at a substrate temperature of 750°C for 60 
seconds, for example, is employed. 
[0047] Then, an iridium oxide (Ir0 2 ) film of about 200 
nm thickness, for example, is formed as a second con- 
ductive film 1 7 on the ferroelectric film 1 6 by the sputter 
method. 

[0048] Then, a UN film 18a and aSi0 2 film (insulating 
film) 1 8b serving as a hard mask are formed sequentially 
on the second conductive film 17. The TiN film 18a is 
formed by the sputter method to have a thickness of 
about200 nm, for example. The Si0 2 film 1 8b is formed 
by the plasma CVD method using TEOS (tetraethoxysi- 
lane) to have a thickness of about 800 nm, for example. 
[0049] Then, resist R is coated on the Si0 2 film 1 8b, 
and then patterns are formed by exposing/developing 
this resist to have a capacitor planar shape over the first 
and second conductive plugs 9a, 9b respectively. 
[0050] Then, the Si0 2 film 1 Bb formed in the region 
that is not covered with the resist R is removed by dry 
etching using C 4 F 8 , Ar, and CF 4 as the etching gas. 
Then, the TiN film 18a formed in the region that is not 
covered with the resist R is removed by dry etching us- 
ing BCI 3 and Cl 2 as the etching gas. The etching of the 
Si0 2 film 18b and the etching of the TiN film 18a are 
carried out by changing the etchant. 
[0051] Then, as shown in FIG.2E, the Si0 2 film 1 8b 
and the TiN film 18a, after patterned, are used as the 
hard mask 18. In this case, after the hard mask 18 is 
formed, the resist R is removed by ashing. 
[0052] Then, the second conductive film 17, the fer- 
roelectric film 16, and the first conductive film 15 formed 
in the region that is not covered with the hard mask 18 
are etched sequentially under the following conditions 
by using the ICP etching equipment. 
[0053] First, the lrO x film as the second conductive 
film 17 is etched. As the etching conditions in this case, 
HBr and 0 2 are supplied to the etching chamber at a 
flow rate of 1 0 seem and a flow rate of 40 seem respec- 
tively, the pressure in the chamber is set to 0.4 Pa, the 
wafer stage temperatu re is set to 400°C the source pow- 
er is set to 800 watt, and the bias power is set to 700 
watt. Here, the source power is the power of the high- 
frequency power supply applied to the antenna of the 
ICP etching equipment, and the bias power is the power 
of the high-frequency power supply applied to the sem- 
iconductor wafer (silicon substrate 1 ). The etching of the 
second conductive film 1 7 is detected by using the end- 
point detector, and the over-etching is executed by 
about 1 0 % of the film thickness of the second conduc- 
tive film 1 7. In this case, an emission spectrophotometer 
is employed as the end-point detector, for example. 
[0054] Then, the PZT film as the ferroelectric film 1 6 
is etched. As the etching conditions in this case, Cl 2 and 



Ar are supplied to the etching chamber at a flow rate of 
40 seem and a flow rate of 10 seem respectively, the 
pressure in the chamber is set to 0.4 Pa, the wafer stage 
temperature is set to 400°C, the source power is set to 
5 800 watt, and the bias power is set to 700 watt. Also, 
the etching of the ferroelectric film 1 6 is detected by us- 
ing the end-point detector, and the just-etching is exe- 
cuted. 

[0055] It may be considered that, after the etching of 
10 the ferroelectric film 1 6 is ended, the Si0 2 film 1 8b con- 
stituting the hard mask 1 8 should be removed. However, 
since the products generated during the etching of the 
first conductive film 15 and the ferroelectric film 16 are 
deposited onto side surfaces of the Si0 2 film 1 8b as the 
15 noble metal deposition film, it is difficult to remove the 
Si0 2 film 18b as it is. 

[0056] Therefore, as shown in F1G.2F, the ferroelec- 
tric film 1 6 is etched while the Si0 2 film 1 8b as the upper 
layer portion of the hard mask 18 is still left, and subse- 
20 quently the first conductive film 15 of the multi-layered 
structure is under-etched in the middle. This under-etch- 
ing is the half- etching that is carried out until about 50 
% of the film thickness, for example. 
[0057] The under-etching is carried out up to the mid- 
25 die of the etching process of the first conductive film 1 5. 
For example, this under-etching is carried out up to a 
depth that reaches the upper portion of the Ir film 15x 
after the etchings of the Pt film 1 5z and the lrO x 1 5y are 
ended. As the etching conditions in this case, HBr and 
30 0 2 are supplied to the etching chamber at a flow rate of 
10 seem and a flow rate of 40 seem respectively, the 
pressure in the chamber is set to 0.4 Pa, the wafer stage 
temperature is set to 400°C, the source power is set to 
800 watt, and the bias power is set to 700 watt. 
35 [0058] Under such under-etching conditions, the no- 
ble metal deposition film is removed from side surfaces 
oftheSi0 2 film 18b. 

[0059] After the under-etching, the silicon substrate 1 
is taken out from the ICP etching equipment and then 
40 put into the plasma etching equipment. Then, as shown 
in FIG.2G, in the state that the silicon substrate 1 is 
cooled, the Si0 2 film 1 8b of the hard mask 1 8 is removed 
by etching using a mixed gas consisting of CF 4 , CHF 3 , 
and Ar 

45 [0060] A polymer deposited product is produced at 
the time of the etching of the Si0 2 film 1 8b. This polymer 
deposited product remains on side surfaces of respec- 
tive layers from the hard mask 1 8 to the first conductive 
film 15. If the polymer deposited product is formed thick, 

so such deposited product functions as the etching mask. 
Therefore, such polymer deposited product is removed 
by using ashing equipment using oxygen-containing 
gas. 

[0061] Then, the silicon substrate 1 is put back into 
55 the ICP etching equipment. Then, as shown in FIG. 2H, 
the etching of the first conductive film 15 is restarted by 
using the hard mask 18 that has a single-layer structure 
of the TiN film 18a. The etching conditions in this case 
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are set identically to the etching conditions for the upper 
portion of the first conductive film 1 5, and the remaining 
portion of the first conductive film 15 is etched for a pre- 
determined time. Accordingly, an upper surface of the 
first interlayer insulating film 8 is exposed. 
[0062] In this manner, when the step of removing the 
Si0 2 film 1 8b of the hard mask 1 8 is inserted in the mid- 
dle of the etching of the first conductive film 15, a dis- 
continuous surface, a level difference, etc. are ready to 
appear on the side surfaces of the first conductive film 
15. Such a discontinuous surface or such a level differ- 
ence exerts no influence upon the capacitor character- 
istics. 

[0063] As a result, two capacitors Q are formed on the 
first Interlayer insulating film 8 over one p-well 1 a. Each 
of the capacitors Q has a lower electrode 1 5a made of 
the first conductive film 1 5, a dielectric film 1 6a made of 
the ferroelectric film 16, and an upper electrode 17a 
made of the second conductive film 1 7. The lower elec- 
trodes 1 5a of the capacitors Q are connected to the first 
and second n-type impurity diffusion regions 5a, 5b via 
the first and second conductive plugs 9a, 9b respective- 
ly. 

[0064] Then, as shown in FIG. 21, the TiN film 1 8a be- 
ing left as the hard mask 1 8 is removed. As the etching 
conditions of the TiN film 18a, It is preferable that iso- 
tropic etching should be employed to enhance the etch- 
ing selectivity to Si0 2 constituting the first interlayer in- 
sulating film 8. As the etching, for example, a dry proc- 
ess employing down-flow etching using an etching gas 
containing CF 4 and 0 2 , or a wet process using a mixed 
solution of NH 4 OH, H 2 0 2 , and H 2 0 is effective. 
[0065] According to such etching conditions of the TIN 
film 1 8a, the selective etching of the TiN film 1 8a to the 
3102 film can be executed. Thus, the first interlayer in- 
sulating film 8 around the capacitors Q is seldom etched 
and therefore no large recess is generated around the 
capacitors Q, 

[0066] Then, in order to recover the ferroelectric film 
16 from the damage caused by the etching, recovery 
annealing of the capacitors Q is carried out. The recov- 
ery annealing in this case is carried out in an oxygen 
atmosphere at a substrate temperature of 650°C for 60 
minutes, for example. 

[0067] Then, as shown in FIG.2J, an alumina film of 
50 nm thickness is formed as a capacitor protection film 
19 on surfaces of the capacitors Q and an underlying 
insulating film 1 0b by the sputter. Then, the capacitors 
Q are annealed in an oxygen atmosphere at 650° C for 
60 minutes. The capacitor protection film 19 is formed 
to protect the capacitors Q from the process damage. 
[0068] Then, a silicon oxide (Si0 2 ) film of about 1 .0 
urn thickness is formed as a second interlayer insulating 
film 20 on the capacitor protection film 1 9 by the plasma 
CVD method using the TEOS gas. Then, an upper sur- 
face of the second interlayer insulating film 20 is made 
flat by the CMP method. In this example, a remaining 
thickness of the second interlayer insulating film 20 after 



the CMP is set to about 300 nm on the upper electrode 
17a of the capacitor Q. 

[0069] Then, as shown in FIG.2K, the second inter- 
layer insulating film 20, the capacitor protection film 19, 

5 the first interlayer insulating film 8, and the cover insu- 
lating film 7 are etched by using a resist mask (not 
shown). Thus, a third contact hole 20a is formed on the 
third n-type impurity diffusion region 5c. 
[0070] Then, a Ti film of 30 nm and a TiN film of 50 

10 nm thickness are formed In order as a glue film in the 
third contact hole 20a and on the second interlayer in- 
sulating film 20 by the sputter method. Then, a W film is 
grown on the glue film by the CVD method to bury com- 
pletely the third contact hole 20a. 

15 [0071] Then, as shown In FIG.2L, the W film and the 
TIN film are polished by the CMP method to remove 
them from an upper surface of the second interlayer in- 
sulating film 20. Then, the tungsten film and the glue film 
being left in the third contact hole 20a are used as a third 

20 conductive plug 21. 

[0072] Next, steps required until a structure shown in 
FIG.2M is formed will be explained hereunder. 
[0073] First, an SiON film is formed as an oxidation 
preventing film (not shown) on the third conductive plug 

25 21 and the second interlayer insulating film 20 by the 
CVD method. Then, contact holes 20b are formed on 
the upper electrodes 1 7a of the capacitors Q by pattern- 
ing the oxidation preventing film and the second inter- 
layer insulating film 20 by means of the photolithography 

30 method. 

[0074] The capacitors Q that are subjected to damage 
in forming the contact holes 20b can be recovered by 
annealing. The annealing is carried out in an oxygen at- 
mosphere at a substrate temperature of 550 °C for 60 
35 minutes, for example. 

[0075] Then, the oxidation preventing film formed on 
the second interlayer insulating film 20 is removed by 
etching-back to expose a su rf ace of the third conductive 
plug 21. 

40 [0076] Then, a multi-layered metal film is formed in 
the contact holes 20b formed on the upper electrodes 
17a of the capacitors Q and on the second interlayer 
insulating film 20. Then, first-layer metal wirings 22a, 
which are connected to the upper electrodes 1 7a via the 

45 contact holes 20b, and a conductive pad 22b, which is 
connected to the third conductive plug 21 , are formed 
by patterning the multi-layered metal film. As the multi- 
layered metal film, a structure in which a Ti f ilm of 60 nm 
thickness, a TiN film of 30 nm thickness, an Al-Cu film 

so of 400 nm thickness, a Ti film of 5 nm thickness, and a 
TIN film of 70 nm thickness are formed sequentially, for 
example, is employed. 

[0077] In this case, as the method of patterning the 
multi- layered metal film, the method of forming a reflec- 
55 tion preventing film (not shown) on the multi-layered 
metal film, then coating a resist (not shown) on the re- 
flection preventing film, then forming resist patterns 
such as the wiring shape, etc. by exposing/developing 
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the resist, and then etching the reflection preventing film 
and the multi- layered metal film by using the resist pat- 
terns is employed. 

[0078] Then, a third Intertayer insulating film 23 is 
formed on the second intertayer insulating film 20, the 
first-layer metai wirings 22a, and the conductive pad 
22b. Then, a hole 23a is formed on the conductive pad 
22b by patterning the third interlayer insulating film 23, 
and a fourth conductive plug 24 that consists of a TiN 
film and a W film sequentially from the bottom is formed 
in the hole 23a. 

[0079] Then, although not particularly shown, sec- 
ond-layer wirings containing the bit line are formed on 
the third interlayer insulating film 23. The bit line is con- 
nected electrically to the third n-type impurity diffusion 
region 5c via the fourth conductive plug 24, the conduc- 
tive pad 22b, and the third conductive plug 21 . Subse- 
quently to this, an insulating film for covering the sec- 
ond-layer wirings, etc. are formed, but their details will 
be omitted herein. 

[0080] As described above, in the present embodi- 
ment, when the first conductive film 1 5, the ferroelectric 
film 16, and the second conductive film 17 are to be 
etched by using the same hard mask, the hard mask 
having the multi-layered structure is employed and also 
the Si0 2 film 18b is used as the uppermost layer. Then, 
the removal of the Si0 2 film 18b that is necessary for 
the etching of the ferroelectric film 16 is executed after 
the etching of the first conductive film 15 is temporarily 
interrupted. 

[0081] Accordingly, when the uppermost Si0 2 film 
18b of the hard mask 18 is removed, the first interlayer 
insulating film 8 is protected by the first conductive film 
15 from the etching, 

[0082] Also, since the first conductive film 15, which 
is etched finally by using the hard mask 1 8, is formed of 
the platinum-group metal or the platinum-group oxide, 
the first conductive film 15 can be etched selectively to 
the silicon compound insulating material constituting the 
first interlayer insulating film 8. 
[0083] Meanwhile, the interruption timing of the etch- 
ing of the first conductive film 15 is not limited to about 
50 % of the film thickness. However, it is preferable that 
the first conductive film 15 should be left to such extent 
that the first interlayer insulating film 8 is not exposed. 
[0084] By the way, it may be considered that a film 
thickness of the Si0 2 film 18b should be adjusted such 
that the Sl0 2 film 1 8b can be removed at a point of time 
when the etching of the first conductive film 15 is ended. 
However, as shown in FIG.2F, the etching of the Si0 2 
film 1 8b proceeds easily at the edge portion rather than 
the center portion, and thus it is difficult to adjust such 
film thickness. Also, It may be considered that the sur- 
face of the first interlayer insulating film 8 is composed 
of silicon nitride. However, in such a case, the film quality 
of the lower electrodes 15a of the capacitors Q is dete- 
riorated, and thus there is caused another disadvantage 
such that the crystal of the ferroelectric film 1 6 is dete- 



riorated. 

[0085] In this case, the third contact hole 20a In which 
the third conductive plug 21 is buried is formed by etch- 
ing the second interlayer Insulating film 20 and the first 
5 interlayer insulating film 8 together. But such third con- 
tact hole 20a may be formed at two stages, as will be 
explained in a second embodiment. 

(Second Embodiment) 

10 

[0086] FIGS.3A to 3N are sectional views showing 
steps of manufacturing a semiconductor device accord- 
ing to a second embodiment of the present Invention. 
[0087] First, as shown in FIG.3A, in compliance with 

1$ the steps shown in the first embodiment, the element 
isolation insulating film 2 is formed on the silicon sub- 
strate 1,. then the p-well 1a is formed, then the MOS 
transistors T 1p T 2 are formed, then the cover insulating 
film 7 and the first interlayer insulating film 8 are formed, 

20 then the densifying process of the first interlayer insu- 
lating film 8 is carried out, and the upper surface of the 
first interlayer insulating film 8 is made flat by the CMP 
method. 

[0088] Next, steps required until a structure shown in 
25 FIG.3B is formed will be explained hereunder. 

[0089] First, a bit-line contact hole 8c having a depth 
to reach the third n-type impurity diffusion region 5c is 
formed by patterning the first interlayer insulating film 8 
and the cover insulating film 7 by means of the photoli- 
30 thography method. Then, a Ti film of 30 nm thickness 
and a TiN film of 50 nm thickness are formed sequen- 
tially as a glue film on the upper surface of the first In- 
terlayer insulating film 8 and an inner surface of the bit- 
line contact hole 8c by the sputter method. Then, a W 
35 film is grown on the TiN film by the CVD method using 
WF6 to bury perfectly an interior of the bit-line contact 
hole 8c. 

[0090] Then, the W film, the TiN film, and the Ti film 
are polished by the CMP method to remove them from 
40 the upper surface of the first interlayer insulating film 8. 
The W film, the TiN film, and the Ti film being left in the 
bit-line contact hole 8c is used as a first bit-line conduc- 
tive plug 9. 

[0091] Then, as shown in FIG. 3C, an oxidation-pre- 
45 vention insulating film 10a made of Si 3 N 4 of 100 nm 
thickness and the underlying insulating film 10b made 
of Si0 2 of 100 nm thickness are formed sequentially on 
the first interlayer insulating film 8 and the first bit-line 
conductive plug 9 by the plasma CVD method. The Si0 2 
50 film is grown by the plasma CVD method using TEOS. 
The oxidation-prevention insulating film 10a is formed 
to prevent the event that, in the heat treatment such as 
the later annealing, or the like, the abnormal oxidation 
of the first bit-line conductive plug 9 is caused to thus 
55 generate contact failure. It is preferable that the film 
thickness should be set to more than 70 nm, for exam- 
pie. 

[0092] Then, as shown in FIG. 3D, the oxidation-pre- 
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vention insulating film 1 0a, the underlying insulating film 
10b, the first interlayer insulating film 8, and the cover 
insulating film 7 are etched by using a resist pattern (not 
shown). Thus, the first and second contact holes 8a, 8b 
for the capacitor connection are formed on the first and 
second n-type impurity diffusion regions 5a, 5b respec- 
tively. 

[0093] Then, a Ti film of 30 nm thickness and a TIN 
film of 50 nm thickness are formed sequentially as the 
glue film on the upper surface of the underlying insulat- 
ing film 10b and the inner surfaces of the first and sec- 
ond contact holes 8a, 8b by the sputter method. Then, 
a W film is grown on the TiN film by the CVD method to 
bury completely the inside of the first and second con- 
tact holes 8a, 8b. 

[0094] Then, as shown.in FIG.3E, the W film, the TiN 
film, and the Ti film are polished by the CMP method to 
remove them from the upper surface of the underlying 
insulating film 10b. Thus, the W film, the TiN film, and 
the Ti film being left in the first and second contact holes 
8a, 8b are used as first and second conductive plugs 
1 1 a 1 1 b for the capacitor connection respectively. 
[0095] Next, steps required until a structure shown in 
FIG.3F is formed will be explained hereunder. 
[0096] First, the Ir film 1 5x of about 200 nm thickness, 
the lrO x film 15y of about 50 nm thickness, and the Pt 
film 15z of about 100 nm thickness, for example, are 
formed sequentially as the first conductive film 1 5 on the 
first and second conductive plugs 11a, 11b and the un- 
derlying insulating film 1 0b by the sputter. The first con- 
ductive film 15 may be formed of the conductive film con- 
taining other platinum-group metal or platinum-group 
metal oxide. 

[0097] In this case, the underlying insulating film 1 0b 
is annealed to prevent the film peeling-off, for example, 
before or after the first conductive film 1 5 is formed. As 
the annealing method, RTA executed in an argon atmos- 
phere at 600 to 750°C, for example, is employed. 
[0098] Then, a PZT film of about 100 nm thickness, 
for example, is formed as the ferroelectric film 1 6 on the 
first conductive film 15 by the sputter method. The for- 
mation of the ferroelectric film 16 is executed by the 
method shown in the first embodiment. Also, as the ma- 
terial of the ferroelectric film 1 6, in addition to PZT, other 
PZT material such as PLCSZT, PLZT, etc., the Bi lay- 
ered-structure compound material such as SrB^TagOg, 
SrBi 2 (Ta,Nb) 2 0 9 , etc., other metal oxide ferroelectric 
substance, etc. may be employed. 
[0099] Then , the ferroelectric film 1 6 is crystallized by 
executing annealing in an oxygen atmosphere. As the 
annealing, two-step RTA process having the first step in 
which the annealing is executed in a mixed-gas atmos- 
phere consisting of argon and oxygen at a substrate 
temperature of 600°C for 90 seconds and the second 
step in which the annealing is executed in an oxygen 
atmosphere at a substrate temperature of 750°C for 60 
seconds, for example, is employed. 
[01 00] Then , the Ir0 2 film of about 200 nm thickness, 



for example, is formed as the second conductive film 1 7 
on the ferroelectric film 16 by the sputter method. 
[0101] Then, as shown in FIG.3G, the TiN film 18a is 
formed on the second conductive film 1 7 by the sputter 

s method to have a thickness of about 200 nm, for exam- 
ple. Then, a silicon nitride (P-SIN) film 18c of 1000 nm 
thickness is formed by the plasma CVD method on the 
TiN film 1 8a. The P-SIN film 1 8c is grown by setting the 
pressure in the growth atmosphere to about 4.0 Torr and 

io setting the substrate temperature to about 400°C while 
using silane, ammonia, and nitrogen (N 2 ) as the source 
gas. 

[0102] Then, the resist R is coated on the P-SIN film 
18c, and then patterned such that capacitor planar 

15 shapes are formed over the first and second conductive 
plugs 1 1 a, 1 1 b for the capacitor connection respectively 
by exposing/ developing this resist. 
[0103] Then, the P-SIN film 18c formed in the region 
that is not covered with the resist R is etched by dry etch- 

20 ing using C 4 HF 3 , Ar, and CF 4 as the etching gas. Then, 
the TiN film 1 8a formed in the region that is not covered 
with the resist R is etched by dry etching using BCl 3 and 
Cl 2 as the etching gas. The etching of the P-SIN film 1 8c 
and the etching of the TiN film 18a are carried out by 

25 changing the etchant. 

[0104] Then, the P-SIN film 1 8c and the TiN film 18a, 
after patterned, are used as the hard mask 18. The 
P-SIN film 18c is the mask that is suitable for the pat- 
terning of the ferroelectric film 1 6. In this case, the resist 

30 R is removed by ashing after the hard mask 18 is 
formed. 

[01 05] Then, as shown in FIG.3H, the second conduc- 
tive film 17, the ferroelectric film 16, and the first con- 
ductive film 15 formed in the region that is not covered 
35 with the hard mask 1 8 are etched sequentially by using 
the ICP etching equipment under the following condi- 
tions. 

[0106] First, the lrO x film as the second conductive 
film 1 7 is etched. As the etching conditions in this case, 

40 HBr and 0 2 are supplied to the etching chamber at a 
flow rate of 1 0 seem and a flow rate of 40 seem respec- 
tively, the pressure in the chamber is set to 0.4 Pa, the 
wafer stage temperature is set to 400°C, the source 
power is set to 800 watt, and the bias power is set to 

45 700 watt. The etching of the second conductive film 1 7 
is detected by using the end-point detector, and the 
over-etching is executed by about 1 0 % of the film thick- 
ness of the upper electrode. 

[0107] Then, the PZT film as the ferroelectric film 16 
50 is etched. As the etching conditions in this case, Cl 2 and 
Ar are supplied to the etching chamber at a flow rate of 
40 seem and a flow rate of 10 seem respectively, the 
pressure in the chamber is set to 0,4 Pa, the wafer stage 
temperature is set to 400°C, the source power is set to 
55 800 watt, and the bias power is set to 700 watt. Also, 
the etching of the ferroelectric film 1 6 is detected by us- 
ing the end-point detector, and the just-etching is exe- 
cuted. 
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[0108] Then, the Pt film 15z, the lrO x 15y, and the Ir 
film 15x constituting the first conductive film 15 are 
etched. As the etching conditions in this case, HBr and 
0 2 are supplied to the etching chamber at a flow rate of 
10 seem and a flow rate of 40 seem respectively, the 
pressure in the chamber is set to 0.4 Pa, the wafer stage 
temperature is set to 400°C > the source power is set to 
800 watt, and the bias power is set to 700 watt. The etch- 
ing of the first conductive film 15 is detected by using 
the end-point detector, and over-etching is executed. 
But the underlying insulating film 10b is seldom etched. 
[0109] Accordingly, as shown in FIG. 31, two capaci- 
tors Q are formed on the first interlayer insulating film 8 
over one p-well 1a. Each of the capacitors Q has the 
lower electrode 15a made of the first conductive film 15, 
the dielectric film 16a made of the ferroelectric film 16, 
and the upper electrode 17a made of the second con- 
ductive film 1 7. The lower electrodes 1 5a of the capac- 
itors Q are connected to the first and second n-type im- 
purity diffusion regions 5a, 5b via the first and second 
conductive plugs 11a 11b respectively. 
[0110] The P-SIN film 18c constituting the hard mask 
18 is left thick at its center portion but thin at its edge 
portion at a point of time when the formation of the ca- 
pacitors Q is completed. The thickest portion has a thick- 
ness of about 600 nm. 

[0111] Then, as shown in FIG.3J, the P-SIN film 18c 
is removed by executing etching in down-flow equip- 
ment. As the etching conditions in this case, CF 4 and 
N 2 are introduced into the etching atmosphere at a flow 
rate of 100 seem and a flow rate of 400 seem respec- 
tively, and the wafer stage temperature is set to 600°C, 
for example. As a result, the underlying insulating film 
made of SI0 2 is hardly etched, but the P-SIN film 18c 
can be removed. 

[0112] Then, as shown in FIG. 3K, the TiN film 18a 
left as the hard mask 1 8 is removed. As the etching con- 
ditions of the TiN film 18a, it is preferable that isotropic 
etching should be employed to enhance the etching se- 
lectivity to Si0 2 constituting the first interlayer insulating 
film 8. As the etching, for example, a dry process em- 
ploying down-flow etching using an etching gas contain- 
ing CF 4 and 0 2 , or a wet process using a mixed solution 
of NH 4 OH, H 2 0 2 , and H 2 0 is effective. 
[0113] In this case, the etching of the P-SIN film 1 8c 
constituting the hard mask 1 8 and the etching of the TIN 
film 18a are executed by using separate etchants. 
[0114] Then.inordertocausetheferroelectricfilm 16 
to recover from the damage caused by the etching, re- 
covery annealing of the capacitors Q is carried out. The 
recovery annealing in this case is carried out in an oxy- 
gen atmosphere at a substrate temperature of 650°C 
for 60 minutes, for example. 

[0115] Then, as shown in FIG.3L, an alumina film of 
50 nm thickness is formed as the capacitor protection 
film 1 9, which covers the capacitors Q, on the underlying 
insulating film 10b by the sputter. Then, the capacitors 
Q are annealed in an oxygen atmosphere at 650°C for 



60 minutes. 

[0116] Then, a silicon oxide (Si0 2 ) film of about 1 .0 
urn thickness is formed as the second interlayer insulat- 
ing film 20 on the capacitor protection film 1 9 by the plas- 

5 ma CVD method using the TEOS gas. Then, the upper 
surface of the second interlayer insulating film 20 is 
planarized by the CMP method. 
[0117] Next, steps required until a structure shown in 
F1G.3M is formed will be explained hereunder. 

10 [0118] First, the second interlayer insulating film 20, 
the capacitor protection film 19, the first interlayer insu- 
lating film 8, the underlying insulating film 10b, and the 
oxidation-prevention insulating film 10a are etched by 
using a resist mask (not shown). Thus, the third contact 

15 hole 20a is formed on the first bit-line conductive plug 9. 
[0119] Then, a TIN film of 50 nm thickness is formed 
as the glue film in the third contact hole 20a and on the 
second interlayer insulating film 20 by the sputter meth- 
od. Then, a W film is grown on the glue film by the CVD 

20 method to bury completely the inside of the third contact 
hole 20a. 

[0120] Then, the W film and the TiN film are polished 
by the CMP method to remove them from the upper sur- 
face of the second interlayer insulating film 20. Then, 

25 the tungsten film and the glue film being left in the third 
contact hole 20a are used as a second bit-line conduc- 
tive plug 21 a. This second bit-line conductive plug 21a 
is connected electrically to the third n-type impurity dif- 
fusion region 5c via the first bit-line conductive plug 9. 

30 [0121] Next, steps required until a structure shown in 
FIG.3N is formed will be explained hereunder. 
[01 22] First, an SiON film is formed as the second ox- 
idation preventing film (not shown) on the second bit- 
line conductive plug 21a and the second interlayer in- 

35 sulating film 20 by the CVD method. Then, the contact 
holes 20b are formed on the upper electrodes 1 7a of the 
capacitors Q by patterning the second oxidation pre- 
venting film and the second interlayer insulating film 20 
by means of the photolithography method. 

40 [0123] The capacitors Q that are subjected to damage 
in forming the contact holes 20b can be recovered by 
annealing. The annealing is carried out in an oxygen at- 
mosphere at a substrate temperature of 550°C for 60 
minutes, for example. 

45 [0124] Then, the oxidation preventing film formed on 
the second interlayer insulating film 20 is removed by 
etching-back to expose a surface of the second bit-line 
conductive plug 21a. 

[0125] Then, a multi-layered metal film is formed in 
so the contact holes 20b formed on the upper electrodes 
17a of the capacitors Q and on the second interlayer 
insulating film 20. Then , the first-layer metal wirings 22a, 
which are connected to the upper electrodes 1 7a via the 
contact holes 20b, and the conductive pad 22b, which 
55 is connected to the second bit-line conductive plug 21a, 
are formed by patterning the multi-layered metal film. 
[0126] Then, the third interlayer insulating film 23 is 
formed on the second interlayer insulating film 20, the 
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first-layer metal wirings 22a, and the conductive pad 
22b. Then, the hole 23a is formed on the conductive pad 
22b by patterning the third interlayer insulating film 23, 
and a third bit-line conductive plug 24a that consists of 
a TiN film and a W film sequentially from the bottom is 
formed in the hoie 23a. 

[0127] Then, although not particularly shown, the sec- 
ond- layer wirings containing the bit line are formed on 
the third interlayer insulating film 23. The bit line is con- 
nected electrically to the third n-type impurity diffusion 
region 5c via the bit-line conductive plugs 24a, 2 1 a, and 
9, and the conductive pad 22b. Subsequently to this, an 
insulating film for covering the second-layer wirings, etc. 
are formed, but their details will be omitted herein. 
[0128] Next, the conditions applied to remove the 
P-SIN film 1 8c constituting the hard mask 1 8 will be ex- 
plained hereunder, 

[0129] First, the P-SIN film 18c constituting the hard 
mask 18 and the Si0 2 film constituting the underlying 
insulating film 1 0b and the first interlayer insulating film 
8 are etched under the same conditions, respectively. A 
mixed gas consisting of CF 4 and N 2 is used as the etch- 
ing gas, the wafer stage temperature is set to 60°C, the 
pressure in the etching atmosphere is set to 1 33 Pa, the 
frequency of the plasma-generating high-frequency 
power supply is set to 2.65 GHz, and the power of this 
power supply is set to 1 200 W. 
[0130] When the etching rates of the P-SIN film and 
the Si0 2 film were examined by changing a gas flow rate 
ratio of CF 4 in the mixed gas consisting of CF 4 and N 2 
in the range of 6 to 30 flow rate % and also their selective 
etching ratios were examined, the results shown in FIG. 
4 were obtained. In other words, in order to execute the 
selective etching of the P-SIN film to the Si0 2 film, re- 
spective flow rates of CF 4 and N 2 are important. When 
a rate of CF 4 of the mixed gas is set to 20 %, the selec- 
tive etching ratio of the P-SIN film to the Si0 2 film be- 
came about 35 and a peak appeared in the selective 
etching ratio. 

[0131] Also, when the rate of CF 4 of the mixed gas 
consisting of CF 4 and N 2 was set to 20 %, and then the 
etching rates of the P-SIN film and the Si0 2 film were 
examined by changing the wafer stage temperature in 
the range of 60 to 200°C and also their selective etching 
ratios were examined, the results shown in FIG.5 were 
obtained. According to FIG. 5, the selective etching ratio 
becomes lower as the wafer stage temperature be- 
comes higher. The selective etching ratio exceeds about 
35 when the wafer stage temperature is less than 60°C. 
[0132] Accordingly, it is preferable that, in order to re- 
move the P-SIN film 18c constituting the hard mask 18 
by etching, the wafer stage temperature should be set 
low, such as 60°C or less, and also the rate of CF 4 in 
the mixed gas should be set to about 20+1 0 flow rate %. 
[0133] As described above, it is possible to etch the 
P-SIN film selectively to the Si0 2 film, and it is optimal 
to employ the P-SIN film as the upper layer portion of 
the hard mask. 



i 

[0134] When the rate of CF4 of the mixed gas con- 
sisting of CF 4 and N 2 was set to 20 %, and the wafer 
stage temperature was set to 60°C, and then an amount 
of polarization charge Q sw of the capacitor at +5 V was 

5 examined before and after the P-SlM film is removed, 
the results shown in FIG.6 were obtained. It was found 
that no difference appears in the amount of polarization 
charge Q sw of the capacitor before and after the P-SIN 
film removing process and thus the deterioration of the 

10 capacitors is not caused. In this case, in FIG.6, T1 to 
T4, C1 to C4, and B1 to B4 show a different position on 
the semiconductor wafer respectively. 
[0135] By the way, when the P-SIN film of the hard 
mask 18 is left as the uppermost layer, as shown in FIG. 

15 31, at a point of time when the etching of the first con- 
ductive film 1 5 is ended, the hard mask 1 8 can be etched 
selectively to the underlying insulating film 1 0b accord- 
ing to the above conditions. 

[0136] Thus, as shown in FIG.7, when the hard mask 
20 1 8 is constructed by the triple-layered structure consist- 
ing of the TiN film 1 8a, the P-SIN film 1 8c, and the Si0 2 
film 18b and also the thickness of the Si0 2 film 18b is 
adjusted, only the P-SIN film 18c and the TiN film 18a 
may be left as the hard mask 18 in the state that the 
25 etching of the first conductive film 1 5 is ended. 

[0137] The hard mask 18 shown in FIG. 7 has the 
structure in which the TiN film 18a of 200 nm thickness, 
the P-SIN film 18c of 600 nm thickness, and the Si0 2 
film 18b of 400 nm thickness, for example, are formed 
30 sequentially. The Si0 2 film 18b is formed by the CVD 
method using TEOS. 

[0138] FIG.8A is a perspective view showing the ca- 
pacitor that is formed by etching the first conductive film 
15, the ferroelectric film 16, and the second conductive 
35 film 1 7 while using the hard mask employing such a tri- 
ple-layered structure, based on a microphotograph. Al- 
so, FIG.8B is a sectional view showing the same capac- 
itor. 

[0139] In this case, in the above two embodiments, 

40 an Insulating film that is formed by introducing an impu- 
rity into the silicon oxide film may be employed as the 
material constituting the interlayer insulating layer in 
place of the silicon oxide film. Also, a titanium compound 
film or a titanium film in addition to the TiN film may be 

45 employed as the lowermost layer of the above hard 
mask. In addition, the above film thicknesses shown in 
the conductive layers, the insulating films, and the die- 
lectric layers are mere examples, and such film thick- 
nesses are not limited to the above numerical values. 

so [0140] As described above, according to an embodi- 
ment of the present invention, an insulating material is 
employed as the uppermost layer of the hard mask that 
is used to pattern the first conductive film, the dielectric 
film, and the second conductive film formed on an insu- 

55 lating film, and then the removal of the uppermost layer 
is executed by interrupting the etching of the first con- 
ductive film. Therefore, when the uppermost insulating 
layer constituting the hard mask is removed by the etch- 
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ing r the underlying insulating film is never exposed, and 
thus the etching of the underlying insulating film of the 
capacitor can be suppressed. 
[0141] Also, according to an embodiment of the 
present invention, the uppermost layer of the hard mask 
is formed of silicon nitride, and then the capacitor is 
formed by etching the first conductive film, the dielectric 
film, and the second conductive film continuously while 
using this hard mask. Therefore, the uppermost insulat- 
ing layer constituting the hard mask can be easily etched 
selectively to the insulating film after the capacitor is 
formed, and thus the etching of the underlying insulating 
film of the capacitor can be suppressed. 



Claims 

1 . A semiconductor device comprising: 

an insulating film (8) formed over a semicon- 
ductor substrate (1); 

a capacitor lower electrode (1 5a) formed on the 
insulating film (8) and having a discontinuous 
step on side surface; 

a capacitor dielectric film (16a) formed on the 
capacitor lower electrode (15a) and having a 
side surface that continues to an upper side 
surface of the capacitor lower electrode (15a); 
and 

a capacitor upper electrode ( 1 7a) formed on the 
capacitor dielectric film (1 6a) and having a side 
surface that continues to the side surface of the 
capacitor dielectric film (1 6a). 

2. A semiconductor device according to claim 1, fur- 
ther comprising: 

an impurity diffusion region (5a) formed in a sur- 
face region of the semiconductor substrate (1 ); 
and 

a conductive plug (9a) formed in the insulating 
film (8) and connected to the capacitor lower 
electrode (15a), and connected electrically to 
the impurity diffusion region (5a). 

3. A manufacturing method of a semiconductor device 
comprising the steps of: 

forming an insulating film (8) over a semicon- 
ductor substrate (1); 

forming sequentially a first conductive film (1 5), 
a dielectric film (16), and a second conductive 
film (17) over the Insulating film (8); 
forming a first film (18a) made of one of metal 
and metal compound on the second conductive 
film (17); 

forming a second film (18b) made of insulating 
material on the first film (1 8a); 



forming a hard mask (1 8) by patterning the sec- 
ond film (18b) and the first film (18a) into a ca- 
pacitor planar shape; 

forming a capacitor upper electrode (17a) by 
5 etching the second conductive film (1 7) in a re- 

gion that Is not covered with the hard mask (1 8); 
forming acapacltor dielectric film (16a) by etch- 
ing the dielectric film (16) in the region that is 
not covered with the hard mask (8); 
10 etching the first conductive film (15) in the re- 

gion that is not covered with the hard mask (1 8) 
up to a depth that does not expose the insulat- 
ing film (8); 

removing the second film (18b) of the hard 

15 mask (18) by etching; 

forming a capacitor lower electrode (15a) by 
etching a remaining portion of the first conduc- 
tive film (15) in the region, that is not covered 
with the hard mask (18), to the end; and 

20 removing the first film (18a) of the hard mask 

(18) by the etching. 

4. A manufacturing method of a semiconductor device 
according to claim 3, wherein a step is formed on a 

25 side surface of the capacitor lower electrode (1 5a). 

5. A manufacturing method of a semiconductor device 
according to claim 3 or 4, wherein the second film 
(18b) is a silicon oxide film. 

30 

6. A manufacturing method of a semiconductor device 
according to claim 5, wherein the silicon oxide film 
is formed while using TEOS as a source gas. 

35 7. A manufacturing method of a semiconductor device 
comprising the steps of: 

forming an insulating film (8) over a semicon- 
ductor substrate (1); 

^0 forming sequentially a first conductive film (1 5) 

a dielectric film (16), and a second conductive 
film (17) over the insulating film (8); 
forming a first film (1 8a) made of one of metal 
and metal compound on the second conductive 

45 film (17); 

forming a second film (18c) made of a silicon 
nitride film, which is different material from the 
insulating film (8), on the first film (18a); 
forming a hard mask (1 8) by patterning the sec- 

50 ond film (1 8c) and the first film (1 8a) into a ca- 

pacitor planar shape; 

forming a capacitor upper electrode (17a) by 
etching the second conductive film (17) in a re- 
gion that is not covered with the hard mask (1 8); 
55 forming a capacitor dielectric film (16a) by etch- 

ing the dielectric film (16) in the region that is 
not covered with the hard mask (18); 
forming a capacitor lower electrode (15a) by 
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etching the first conductive film (15) in the re- 
gion that is not covered with the hard mask (18); 
removing the second film (18c) of the hard 
mask (1 8) by etching using an etching gas con- 
taining fluorine and nitrogen; and 
removing the first film (18a) of the hard mask 
(18) by the etching. 

8. A manufacturing method of a semiconductor device 
according to claim 7, wherein the silicon nitride film 
is formed by a plasma GVD method. 

9. A manufacturing method of a semiconductor device 
according to claim 7 or claim 8, wherein a temper- 
ature of a stage on which the semiconductor sub- 
strate is loaded is set to less than 60°C when the 
second film (1 8c) is removed. 

10. A manufacturing method of a semiconductor device 
according to any one of claims 7 to 9, wherein the 
etching gas Is a mixed gas consisting of CF 4 and 
N 2 , and a gas flow rate ratio of CF 4 in the mixed gas 
is 20+10 flow rate %. 

11. A manufacturing method of a semiconductor device 
according to any one of claims 7 to 10, wherein a 
third film (1 8b) made of a silicon oxide film is formed 
on the first film (18a) before the first film (18a) and 
the second film (18c) are patterned, and the third 
film (18b) is patterned together with the first film 
(1 8a) and the second film (1 8c) to constitute a part 
of the hard mask (18), 

12. A manufacturing method of a semiconductor device 
according to claim 11, wherein a thickness of the 
third film (18b) is formed into such a thickness that 
is removed until an etching of the first conductive 
film (15) is ended. 



used as etching gases used to etch the first conduc- 
tive film (15) and the second conductive film (17) 
respectively. 

5 17. A manufacturing method of a semiconductor device 
according to any one of claims 3 to 1 6, wherein the 
dielectric film (16) is a ferroelectric film, and a mixed 
gas consisting of a halogen gas and an inert gas is 
used as an etching gas of the dielectric film (16). 

10 

18. A manufacturing method of a semiconductor device 
according to any one of claims 3 to 1 7, wherein an 
impurity diffusion region (5a) is formed in a surface 
region of the semiconductor substrate (1), and 

15 further comprising the step of: 

forming a conductive plug (9a,1 1 a which is con- 
nected electrically to the impurity diffusion re- 
gion (5a) and connected to upper surface of the 
20 capacitor lower electrode (15a), in the insulat- 

ing film (8). 

19. A manufacturing method of a semiconductor device 
according to any one of claims 3 to 1 8, wherein re- 

25 moval of the hard mask (1 8) is carried out by down- 
flow etching. 
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13. A manufacturing method of a semiconductor device *o 
according to any one of claims 3 to 12, wherein the 
insulating film (8) is formed of one of a silicon oxide 
film and a silicon oxide containing film. 

14. A manufacturing method of a semiconductor device & 
according to any one of claims 3 to 1 3, wherein the 
first film (1 8a) is formed of one of a titanium film and 

a titanium compound film. 



15. A manufacturing method of a semiconductor device so 
according to any one of claims 3 to 1 4, wherein the 
first conductive film (15) consists of at least one of 

a platinum- group metal film and a platinum-group 
metal oxide film. 

55 

16. A manufacturing method of a semiconductor device 
according to any one of claims 3 to 15, wherein a 
mixed gas containing oxygen in a halogen gas is 
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